Enteropathogenic bacteria were isolated from 131 of 447 (29.4%) neotropical Panamanian lizards belonging to 34 species of seven families. Overall, 147 strains of bacteria were isolated comprising 26 Salmonella and 10 Arizona serotypes. Gymnopthalmus speciosus had the highest infection rate, 12 of 13 individuals (92.3%), whereas Gonatodes fuscus exhibited the lowest, 1 of 18 (5.6%). The highest infection was detected in lizards whose behavioral patterns were secretive (42.0%) and terrestrial (42.6%), whereas the lowest infection was among the scansorial lizards (17.5%). Rates were highest during the dry season, from January through April. Many neotropical Panamanian lizards were multiply infected by Salmonella and Arizona strains representing a wide range of serotypes. Infected lizards were distributed in areas varying from remote rural and forested regions to urban developments, offering a potentially important reservoir of enteropathogenic bacteria known to cause infection in man and domestic animals.
During investigations on diarrheal disease in rural Panama, toads and lizards were commonly observed on ground contaminated by human and animal excreta. This suggested that amphibian and reptilian fauna might constitute a potential reservoir of pathogenic enteric agents, thus contributing to the endemicity of diarrheal disease in the area. In a preceding report, Salmonella spp. were regularly isolated from lizards inhabiting pasture lands, areas near human habitations, and a public bathing area (9) .
In view of the limited literature on Enterobacteriaceae in poikilothermic vertebrates of tropical America, a more comprehensive survey of reptilian species of Panama was undertaken. The present study includes findings from lizards seldom associated with humans as well as from species inhabiting dooryards.
MATERIALS AND METHODS
Field methods and collection sites. A total of 447 lizards were collected from 8 January 1966 through 17 November 1969 from various habitats in the Republic of Panama (Fig. 1 Laboratory methods. Animals were killed by an intracerebral injection of Nembutal given within 60 min after arrival at the laboratory. Portions of their intestines and their contents were transferred aseptically to selenite broth after cutting the intestine longitudinally in a petri dish. After incubation at 37°C for 18 h, MacConkey, bismuth sulfite, and salmonellashigella agar plates were streaked with portions of the broth and incubated overnight.
All plates were examined after incubation, and as many as 10 non-lactose-fermenting colonies of all types and sizes from each plate were transferred to triple sugar iron agar and lysine iron agar slants. After incubation, isolates were examined biochemically and serologically for the presence of Salmonella, Shigella, and Arizona organisms by conventional methods (3 the rate in arboreal A. frenatus was considerably greater than that in Anolis biporcatus (X2 = 7.30; P < 0.008), as was the rate in scansorial A. tropidogaster as compared with that in A. limifrons (X2 = 11.43; P < 0.001). Table 3 shows the frequency of occurrence of Salmonella and Arizona spp. serotypes and the species of lizards from which they were recovered. Overall, 147 strains were isolated, including 26 serotypes of Salmonella and 10 serotypes of Arizona spp. The predominant serotypes were of Salmonella spp. and were serotypes bonaire (21.1%), rubislaw (10.9%), miami (8.8%), and wassenaar (8.2%); they accounted for 49% of the strains recovered. Of the 26 Salmonella serotypes, 16 were found in more than one host species. Six serotypes were present in at least five species of lizards and occurred most frequently in Anolis, which lived in all types of perching sites in the forest, from floor to canopy.
Infections by more than one serotype simultaneously were frequent. Thirteen multiple infections involving two, three, and even four different Salmonella serotypes were detected in individual hosts (Table 3) . Multiple infections of Salmonella and Arizona were detected on four occasions. Rare serotypes of Salmonella belonging to subgenus IV, such as bonaire, houten, parera, and wassenaar, and some of the commonly occurring ones belonging to subgenus I, such as rubislaw, san diego, panama, and miami, were among those isolated. In general, lizards with diverse behavioral patterns were found with infections involving these serotypes.
Infected lizards were found at all major localities (Table 4) (15) . Of the 357 species, 60% are reptiles, and 19% of these are lizards. Panamanian lizards belong to seven families containing 29 genera and 67 species (15), many of which are represented in the material examined in this study.
Many neotropical lizards were found infected by a diversity of Salmonella and Arizona serotypes; infection was ubiquitous, from remote rural and forested regions to urban developments. Infection among lizards was highest during the dry season, especially March and April, possibly due to greater activity among some species during the dry season in their search for food and, consequently, to greater contact with sources of infection.
Natural infection of lizards and other coldblooded animals by Salmonella spp. has been reported by others (7, 13, 17, 18) . Although these animals are frequently found to be carriers of these agents, their epidemiological role remains unclear. However, lizards should not be under-APPL. ENVIRON. MICROBIOL. estimated as potential sources of Salmonella infection, particularly in tropical and developing countries in which conditions of inadequate sanitation still prevail. The extensive distribution of lizards and the habits of many species (geckos; Ameiva spp.) which live in close association with man may offer opportunities for human and domestic animal infection, through direct or indirect contact. Even in urban dwellings, the behavior of geckos may lead to contamination of food or utensils with their excreta (12) . Several species of lizards, such as Gonatodes, Gymnopthalmus, and Ameiva, seen in or near homes of humans were found positive for Salmonella in this study. In rural and jungle areas of Panama, Iguana, a genus of primarily herbivorous arboreal lizards, are eaten regularly by local people. Two specimens of this lizard harbored enteric pathogens. Enteric bacteria were regularly isolated from Ameiva ameiva, commonly found in open, grassy country, including yards and vacant lots in Panama City.
Of the Salmonella serotypes listed in Table 3 , at least five have been implicated in salinonellosis of man in Panama. These include serotypes rubislaw, san diego, panama, newport and miami, the last four having been isolated also from humans in remote jungle areas (10, 11) . Information on the incidence of Salmonella infection in Panama is lacking. However, results of studies on infants with acute diarrheal disease in Panama City revealed a prevalence of 1.2% for Salmonella infection among 1,819 cases studied (10), whereas in four rural communities, 9.1% of 591 persons of all ages, and irrespective of the occurrence of diarrhea, harbored Salmonella organisms (6) . In another study undertaken among local indigenous laborers and their families and nonresident personnel hired to work on feasibility studies for a proposed sea-level canal in the jungles of eastern Panama, Salmonella organisms were isolated from 2 of 29 diarrheal cases (14) .
Numerous Salmonella serotypes similar to those recovered during this study have been associated with human illnesses in a number of countries throughout the world. For example, in Africa (Madagascar, Nigeria, and Senegal, among other countries), serotypes rubislaw, san diego, panama, thompson, nagoya, wassenaar, montevideo, and newport have frequently been isolated from humans (2) . In Israel, serotypes montevideo, glostrup, and degania have been prevalent in humans (16) . In Mexico, serotype carrau, in addition to others, has caused illness in humans (19) . In various countries of eastem Europe, Salmonella organisms have played a varying role in the bacterial etiology of infant diarrheal infections in different areas and at different times. Many serotypes were encountered as a cause of diarrhea, among which are included java and madelia (8) .
Although it is not convincingly clear that the organisms recovered from lizards can all cause disease in humans, it is reasonable to believe they may contribute significantly to health problems of humans. In Panama, more and more of the jungles are being cleared and human populations are moving in to colonize the newly opened lands in a national goal for development of the country by the year 2000. Roads and communication networks are rapidly being expanded through jungle and rural areas, upsetting the ecological balance of the forest and most likely affecting the stability of the sylvatic fauna. Their natural cover and habits may be affected and may bring man in closer contact with them, thus increasing the incidence of many diseases, including salmonellosis.
From the high prevalence of infection in lizards which have little direct contact with humans, it can be assumed that the reptile-salmonellae associations are independent of the human host. It would be desirable to investigate whether or not lizards are potential reservoirs of enteric infection for humans.
